In this study, IgA1 levels in the milk and serum of puerperae were compared and a correlation was established between the levels of this immunoglobulin and the occurrence of parasitism. Eighty-three paired milk and serum samples were obtained from puerperal and IgA1 levels were analyzed. In addition, the presence of intestinal parasites in stool samples from these puerperae was determined. Twelve puerperae tested positive for intestinal parasites and all their samples presented an IgA1 ELISA Index > 1. There was a correlation between serum and milk IgA1 levels and puerperae with any parasite in their stool (r = 0.6723; p = 0.0166). This finding may reinforce the importance of breast-feeding for the protection of neonates.
Parasitic infections are characterized by the stimulation of immunologic mucosal mechanisms mediated by cells or antibodies (Else 2005) . Immunoglobulin A (IgA) represents the major antibody class for defense against extracellular parasites at respiratory, gastrointestinal and genitourinary mucosa (Antonella et al. 2005) . The main mechanism of protection against pathogen-derived antigens provided by mucosal immunity is through IgAproducing cells. IgA neutralizes and prevents the entry or establishment of potentially harmful antigens in the host (Senior & Woof 2005) . This antibody exists in two isotypes in humans: IgA1 and IgA2. In human serum, IgA1 represents 90% of the IgA composition (Yoo & Morrison 2005) while IgA1 contributes from 70%-95% of the IgA composition in human maternal milk (Roitt et al. 2001) .
In this way, human milk provides an efficient protection after birth by stopping the adhesion of infectious agents on the mucosal membranes, thereby preventing their entry into tissues of neonates (Hanson & Korotkova 2002) . Human neonates are born with an immature and naively-acquired immune system, and many of the innate components of mucosal immunity are not fully developed. Hence, the innate immune system of human milk is an important complement to the mucosal barrier of the developing gut (Newburg 2005) .
Lectins bind specifically, reversibly, and non-covalently to carbohydrates, without altering its attached covalent structure (De-Simone et al. 2006) . Jacalin is a lectin present in the seeds of the jackfruit (Artocarpus integrifolia) that binds specifically to human IgA1 (Roque-Barreira & Campos-Neto 1985) . This lectin does not bind IgA2 due to a deletion of 13 amino acids and four acetylgalactosamin residues in the hinge region of this antibody isotype (Gregory et al. 1987) . Thus, the aim of this study was to evaluate IgA1 levels in milk and serum from puerperae and whether the secretion of this immunoglobulin correlates with the presence of intestinal parasites.
Puerperae with normal pregnancies, hospitalized in the Hospital de Clínicas da Universidade Federal de Uberlândia (HC-UFU), were contacted for voluntary participation in the study, and a total of 83 accepted the invitation to participate. The Ethics Committee for Research of the UFU approved this study. Three stool samples were collected from each woman, one sample from each of three consecutive days, between the 15th and the 30th day postpartum (pp), totaling 249 samples. All samples were maintained in plastic containers without preservatives and kept at 4°C until the third sample was collected. The samples were then analyzed in order to detect intestinal parasites by the Baermann method and the Hoffman, Pons and Janer method. To certify the accuracy of each method, a triplicate sample was made, the sediment was stained with lugol and the sample was analyzed with a light microscope (100X and 400X magnification). In addition, serum samples from puerperae were available from the Gynecology and Obstetrics Service of the HC-UFU. Milk samples (approximately 10 ml of foremilk) were manually collected in plastic vials by the puerperae themselves during the morning of the 15th and 30th day pp. These samples were centrifuged at 770 g (2,500 rpm) at 4°C for 10 min (Sorvall RC 5C Plus, USA). The lipid layer was removed and discarded. All samples were stored at -20°C until use. IgA1 levels in milk and serum were determined by a jacalin-capture enzyme-linked immunosorbent assay (ELISA), according to Gomes et al. (2006) . Results were expressed as an ELISA Index (EI) and determined as follows: EI = absorbance of test sample/cut off, where the cut off was calculated as the mean value of blank absorbance plus three times the standard deviation; EI values > 1.0 were considered positive for the presence of IgA1. The blank mean value was 0.091 and the standard deviation was 0.017, resulting in a cut off of 0.142.
Statistical analysis was performed based on the geometric mean (GM) and on the confidence interval (CI) of 95%. Comparisons between the different GMs of IgA1 levels determined by ELISA were analyzed by the Mann Whitney test and the t test with Welch's correction. The Pearson test procedure was adopted to test the correlation between the IgA1 levels in paired samples of human milk and serum. A p value < 0.05 was considered to be statistically significant (GraphPad Prism version 4.0 Software, Inc).
The parasitological analysis indicated that 14.4% of the samples (12/83) were infected with at least one species of intestinal parasites. The protozoan Giardia intestinalis (n = 1) as well as Strongyloides stercoralis (n = 4), hookworms (n = 3), Enterobius vermicularis (n = 2), Taenia sp. (n = 1) and Hymenolepis nana (n = 1) helminthes were found in stool samples. Among them, hookworms and S. stercoralis have pulmonary life cycles, while the others, including G. intestinalis, develop directly in the gut. The GM of IgA1 levels in milk samples from all puerperae (n = 83) was 3.564 (CI: 3.177-3.998), with a maximal value equal to 9.007 and a minimum equal to 1.092. In contrast, IgA1 levels in serum samples showed a GM of 2.798 (CI: 2.560-3.057), varying from 9.063-1.254 (Fig. 1A) . There was a statistically significant difference between IgA1 levels in the milk and serum samples from all assessed puerperae (p = 0.0021). In puerperae without parasites (n = 71), the GM of IgA1 levels in the milk was 3.501 (CI: 3.513-4.541), with values ranging from 9.007-1.092. The GM of IgA1 levels in serum samples was 2.749 (CI: 2.673-3.267), with a maximum value of 7.563 and a minimum of 1.423 (Fig. 1B) . This demonstrated that IgA1 levels in milk and serum samples were significantly different (p = 0.0046).
On the other hand, puerperae with parasites presented the highest geometric mean of IgA1 levels in both milk and serum. With regard to milk samples, the geometric mean of IgA1 levels was 3.962 (CI: 3.513-4.541), with a maximum value of 7.507 and a minimum of 2.049. The GM of IgA1 levels in serum samples was 3.105 (CI: 2.222-4.801), ranging from 9.063-1.254 (Fig. 1C) . However, there was not a statistical difference when mean values of IgA1 in milk and serum samples were compared (p = 0.319). Moreover, neither milk nor serum samples showed significant differences when all samples were compared (p = 0.8234; p = 0.6692, respectively). These findings may be due to the small number of puerperae included in the study. A positive correlation between IgA1 levels in milk and serum samples (p = 0.0383; r = 0.2278) was observed in all puerperae ( Fig. 2A) . Non-parasitic puerperae did not show a positive correlation between IgA1 levels in milk and serum in paired samples (p = 0.2954; r = 0.1259) (Fig. 2B) . Nevertheless, puerperae with parasitism (n = 12) showed a statistically significant correlation between IgA1 levels in paired samples (p = 0.0166; r = 0.6723) (Fig. 2C) . Therefore, an interrelation between the production of IgA1 in paired milk and serum samples was found in puerperae with intestinal parasites.
In addition, we detected IgA1 levels from breast milk and serum by using a jacalin-capture ELISA test. This method is fast, relatively easy test to perform and leads to the specific detection of IgA1 in biological samples. Other studies demonstrated the use of the jacalin test to not only detect IgA1 in serum and saliva samples by ELISA (Cullina & Greally 1993 , Gomes et al. 2006 ), but also to bind red cells (Green et al. 1993) . Still, this is the first report in which the jacalin test was used in order to detect IgA1 levels in breast-milk samples.
Breast-feeding compensates for the relative immaturity of host defense mechanisms in neonates by providing considerable amounts of secretory IgA antibodies directed against the microbial flora of the mother and her environment. These antibodies bind microbes that appear on the infant's mucosal membranes, preventing activation of the pro-inflammatory defenses (Hanson 2007) . In a child intestinal parasitism and breast-feeding study, Costa-Macedo and Rey (2000) suggested that natural maternal breast-feeding contributes to the control of enteric parasitosis in suckles. This protective role of breast milk is also suggested in our study because there was a positive correlation between IgA1 secretion in milk and serum samples of parasitic puerperae. Thus, IgA in milk is initially derived from the serum, but later is produced by plasma cells within the mammary tissue (Macpherson et al. 2001) .
In this work, the correlation between the IgA secretion in milk and serum samples from parasitic puerperae suggests a connection between mucosal and serological immune systems in the response to parasites. The migration of lymphocytes from the lymphoid tissues of the intestines to mammary glands during late pregnancy contributes to this finding. This 'entero-mammaric link' of lymphocyte migration provides the milk with antibodies against those pathogens to which the mother was exposed previously (Lawrence & Lawrence 2005) . This connection was also hinted at in our study through IgA1 pairing among puerperae with intestinal parasites.
In conclusion, these findings suggest a positive correlation between IgA secretion in milk and serum samples from puerperae who are infected with parasites. This correlation may be explained by the mucosal stimulation that is caused by intestinal parasites. The composition of milk IgA is an important example of how remarkable systemic recirculation is following B cell induction in the intestine (Macpherson et al. 2001) . Importantly, our data may reinforce the value of breast-feeding for the protection of neonates.
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